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Abstract. The article presents the results of a study to identify the optimal value of the annual load on one
tractor using direct sowing technology. The optimal annual load on one tractor is directly associated with
the power provision to agriculture and, indirectly, with its productivity. The article analyzes the dependence
of the annual tractor load in ploughland per ha on various factors of the tractor-operator-instrument-field-
soil-crop system: on tractor parameters; unit; environment and it is concluded that the optimal annual load
on one tractor depends on them. The method of choosing various agricultural enterprises power supply
should be connected with the natural and climatic conditions of their production activities, accepted
technologies for cultivating crops, soil types, field sizes, etc. It was revealed that in Russia the optimal
energy supply of agriculture with the power of tractor engines, using the zero tillage technology, is in the

range from 2.4 to 2.8 hp / ha.

1 Introduction

The annual tractor load per ha determines the equipment
use intensity. In recent years, this indicator for the
Russian Federation has been constantly increasing, as
can be seen from Figure 1 [1, 2].
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Fig. 1. The ploughland load of one tractor in the Russian
Federation by years

However, this approach is not entirely correct,
because we do not know if tractors were unify by the
same denominator. We do not know, if the load in ha is
given to a real tractor or conventional reference.

Literature sources differ. Therefore, it is more correct
to characterize the provision level of agricultural
production with tractors, the main means of agricultural
production mechanization, by energy supply of
ploughland per one hectare in hp.

It can be assumed or hypothesized that the greater the
power supply per 1 hectare of ploughland, the greater the
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productivity of agricultural workers and the shorter the
time the technological operations are carried out, which
means that there will be less loss of potential crop.

Figures 2, 3, 4 demonstrate information on power
supply in foreign countries and in the Russian Federation
[3, 4].

As it can be seen from Figure 2, the highest power
supply is recorded in the USA - 8.5 hp / ha and in the
European Union (EU) countries 5 hp/ha and,
accordingly, they have the highest yield of grain crops.
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Fig 2. Energy supply in the EU, USA and Russia and its
correlation with the grain crops yield (average 5 years)

Figure 3 shows that the power supply of agriculture
in India is constantly growing, which lead to a stable
increase in productivity. Energy supply in 2011 reached
1.75 kW / ha, which provide the increase in productivity
in Indiato 17.8 ¢ / ha.

To prove the directly proportional relationship
between the energy supply of agriculture (crop
production) and the grain crops yield, typical for Russia,
Figure 4 shows the power security of its regions [1].
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Fig. 3. Power supply of agriculture in India by years and its
correlation with the grain crops yield
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Fig. 4. Energy supply in some regions of Russia and its
correlation with the grain crops yield

The most power secure region is Krasnodar Krai —
1.95 hp/ha, and there is the highest grain crops yield —
58.3 c/ha. In the Tver region, grain yield is 16.7 kg/ha
with power security of 0.982 hp/ha.

Considering the fact that the power supply in
different countries, and within the Russian regions,
varies greatly, the question arises: What is the optimal
power supply of agriculture, what is the optimal load on
one tractor?

This article is answering to this question. The
proposed solution is acceptable for the technology of
crops cultivation with zero tillage, relates to optimization
problems.

2 Materials and methods

The optimal annual load on tractors can be determined
on the basis of optimizing the composition of the
machine-tractor fleet (MTF) on the enterprise, which is a
process of calculating the qualitative and quantitative
composition of the equipment used, as a result of which
agricultural work will be carried out in optimal agro-
technical terms, which will help to obtain high and stable
yields with minimal resource costs.

The existing methods used to solve the optimization
problems of the MTF are differ [5-16] by:

1. Optimization criterion;

2. Used mathematical apparatus [11-16].

The most widely used optimization criteria are:

- minimum power machines [5-7];

- minimum of direct operating costs [8];

The article proposes to use an objective, integrated
criterion — total energy costs [17] as a criterion for
optimizing the MTFs composition and the parameters of
a machine and tractor unit in a technological operation.

E= Em + Em.sch. +E m.oth. Ecrm + Ea.d.."‘ Ectrl + Eb.f + Elost
—min

where E - specific total energy costs, MJ / ha; En -
energy spent on the manufacture of a tractor, implement,
trailer per 1 ha, MJ / ha; Ecm - energy spent on overhaul,
current repair and maintenance of a tractor, trailer and
implement, MJ / ha; Eaq. - energy spent on assembly and
disassembly of the unit, MJ / ha; Ecn - energy spent on
tractor control (gear shifting, turns, stopping and moving
away), MJ / ha; Eps is the energy spent on the unit to
perform work by burning fuel, MJ / ha; Ejost- Crop energy
lost due to an not optimally selected brand of tractor,
parameters and operating modes of the unit, MJ / ha.

Based on the proposed criterion for optimizing the
parameters of the units and determining the composition
of the machine-tractor fleet, a mathematical model of
various units in technological operations has been
developed [18-20]. The model allows for various
optimization calculations, including the identification of
the optimal annual tractor load for various technological
operations, taking into account the stress of
environmental factors and tractor parameters on the
formed crop yield.

3 Results

Using the developed energy mathematical model of
machine-tractor units, simulation experiments were
conducted to determine the optimal annual load for
tractors from various manufacturers, the results of which
are shown in Figure 5. The used technology of
cultivating crops — no till.

The initial data for the calculation:

The area of the field, ha. = 100

Headland, km. =1

Relocation distance, km. = 3

Seed density, kg / m3 =800

The coefficient of bearing surface strength = 0.9

Volume of work, ha =X

The number of tractors performing the operation = 1

The number of working hours per day = 16

Planned productivity of the main and by-products, kg
/ha. =40

Tire pressure of tractor wheels (from 0.08 to 0.2),
MPa = 0.16

The number of wheels on one side of the tractor (1 or
2or3,etc)=1
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Wheel grip coefficient = 0.6

Tractor wheel rolling resistance coefficient = 0.16

The minimum total energy costs are provided by
caterpillar tractors — see Figure 5.

The optimal design parameters for the John Deere
tractor — 9430, corresponding to its minimum total
energy consumption: the width of the sowing unit Bgp: =
16.2 m; unit speed Vo = 11 km/h; total energy costs Emin
= 17623 MJ /ha are obtained at an annual tractor load of
180 ha.
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Fig. 5. Dependence of total energy costs (1000 MJ / ha) on the
annual load of sowing units with tractors from various
manufacturers

For other brands of tractors, see table 1, the optimal
value of the annual load varies. This suggests that the
optimal load on the tractor depends on the parameters of
the tractor - its mass, engine power and other factors.

Table 1. Optimal values of the annual load for individual
brands of tractors and energy supply of ploughland with tractor
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Let us carry out calculations to identify the influence
of various environmental factors and tractor parameters
on the optimal annual tractor load John Deere - 9430
when performing direct sowing.

Let us consider the effect of the resistivity of an
agricultural machine. The calculation data are shown in
Figure 6.

The influence of the cultivated field area on the
optimal value of the annual load of the sowing unit with
a John Deere-9430 tractor is shown in Figure 7.
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Fig. 6. The resistance stress of the agricultural machine on the
optimal value of the sowing unit annual load with a tractor
John Deere - 9430
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Fig. 7. The cultivated field stress on the optimal value of the
sowing unit annual load with a tractor John Deere-9430
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Fig. 8. The engine power influence on the optimal value of the
sowing unit annual load with John Deere — 9430 tractor
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Figure 8 demonstrates the influence on the optimal
value of the sowing unit annual load with John Deere -
9430 tractor power of its engine.

Significant was the influence of the width of the
sowing unit on the optimal annual load of the John Deere
tractor - 9430, as can be seen from Figure 9.
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Fig. 9. The influence of the sowing unit’s width on the optimal
value of the John Deere- 9430 tractor annual load

Figure 10 shows that the greater the speed of the unit,
which is limited by engine power, the greater the optimal
annual load of the John Deere- 9430 tractor.
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Fig. 10. The sowing unit speed effect on the optimal value of
the John Deere - 9430 tractor annual load

4 Discussion

When performing a technological operation, in particular
on grain crops' direct sowing, there is an optimal value
of the annual load on the tractor, which varies by tractor
brands. With an optimal annual tractor load, the total
energy costs in MJ / ha will be minimal. With a decrease
in the annual load and with its increase from the optimal
value, the total energy costs increase. The higher the
tractor traction class, the greater the optimal annual load
on the tractor, as it can be seen from Figure 5. The
increase in total energy costs when exceeding the
optimal annual load on the tractor in ha is explained by
an increase in the term of the technological operation,
which means an increase in the yield energy, which is
lost due to the increase in the term of the technological
operation.

The increase in total energy costs while lowering the
annual load below the optimal value is explained by the
increase in the components of the total energy costs
spent on depreciation of equipment, its maintenance and
repair.

During computational experiments, it was found that
the optimal annual load on the tractor depends on a
number of environmental factors and the parameters of
the tractor and the unit.

It has been established that there is a non-linear
relationship between the specific traction resistance of an
agricultural machine and the optimal annual tractor load
- Figure 6. Moreover, the greater the traction resistance
of an agricultural machine, the less the annual tractor
load should be. From the energy mathematical model of
the aggregates, it is clear that the greater the traction
resistance of an agricultural machine operating as part of
the aggregate, the lower the productivity of the aggregate
in one hour of the shift time, which means that the time
to complete the technological operation increases and
crop losses increase due to violation of the agro-
technical timing of the technological operations.
Therefore, the decrease in the optimal annual load on the
tractor, with an increase in the specific traction
resistance of the agricultural machine, expressed in
KN/m.

Figure 7 shows the data of computational
experiments. The influence on the value of the optimal
annual load on the tractor of such an environmental
factor as the size of the treated field is shown. It can be
seen from the figure that the larger the size of the field
being cultivated, the greater the value of the optimal
annual load per tractor. This suggests that if, according
to the climatic conditions of the region, the average
fields are small (this is typical for the Caucasus regions
within the Russian Federation), then the optimal annual
tractor load should be less and the region’s power supply
should be higher than in regions with large areas
processed fields.

This phenomenon is explained by on the
mathematical model of aggregates - the larger the area of
the field being cultivated, the greater the productivity of
the aggregate and, consequently, less yield loss due to
violation of the agro-technical timelines for the
technological operation.

From Figure 5, and especially from Figure 8, it is
clearly seen that the larger the tractor's traction class,
which means its mass and the greater the tractor engine
power, the greater the optimal annual tractor load.

Figure 8 shows that there is a saturation limit of the
tractor with a certain mass, accompanying its power.

For the John Deere-9430 tractor, the maximum
power value is in the range of 600 hp, after exceeding
which the optimal annual tractor load ceases to grow
rapidly. A further increase in power and the optimal
value of the annual load on the tractor should be
accompanied by an increase in the mass of the tractor to
realize the increased power through the traction and
coupling qualities of the tractor.

The increase in the optimal value of the annual
tractor load due to an increase in the tractor engine
power is explained by an increase in the unit's
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productivity due to an increase in the unit's operating
speed. An increase in the productivity of a single unit
leads to a decrease in potential crop losses due to
violation of the agro-technical timelines for the
technological operation.

As can be seen from Figure 9, the influence on the
annual tractor load’s optimal value on the direct sowing
of the implement width is linear. Moreover, the wider
the grip width of a sowing unit with a John Deere-9430
tractor, the greater the optimal annual load on the tractor,
which indicates the need to use wide-grip units, both in
sowing and in other technological operations in the
production processes of grain cultivation, as in RF, and
beyond.

The increase in the optimal value of the annual load
on one tractor when performing direct sowing with an
increase in the working width of the aggregates is
explained by a decrease in grain energy lost, both due to
a decrease in the agro-term of the technological
operation and due to the lesser compaction effect of
tractor movers on the soil. In the latter case, with an
increase in the working width of the aggregate, the
compacted area of the cultivated field decreases, which
means that the yield energy lost due to increase in the
denser soil on the field.

The technological operation’s speed depends on the
agro-technically permissible limits of the unit's working
speed when agro-technical requirements for the quality
of the technological operation are observed. To increase
the speed of the technological operation, within the unit's
permissible speed, it is necessary to increase the tractor
engine power. At the same time, the productivity of the
unit increases, which means that the execution time of
the technological operation decreases, which, of course,
is accompanied by a decrease in the energy of the lost
crop.

With the selected width of the unit, it is advantageous
to work at a higher unit speed. At the same time, total
energy costs are reduced, and the optimal annual load on
the tractor grows, as it can be seen from Figure 10.

5 Conclusion

1. Productivity in the agricultural sector of the economy
and, ultimately, crop yields depend on the annual tractor
load or the power supply of agricultural production. The
higher the power supply of production, the greater the
grain crops vyield, as evidenced by the practice of
developed and developing countries.

2. The optimal power supply of agricultural
production depends on the parameters of the main
mechanization means of production — the mass of the
tractor, the power of its engine, as well as environmental
factors of the system: tractor-operator-instrument-field-
soil-crop.

3. The optimal annual tractor load is greater, when
the tractor engine power, the width of the machine, its
speed, the area of one field on which the machine works
are greater. The optimal annual tractor load also depends
on the energy intensity of the technological operation,

and it is smaller, when the specific traction resistance of
an agricultural machine is greater.

4. The analysis of the influence of various factors on
the optimal annual tractor load shows that for the
climatic conditions of the Republic of Tatarstan, when
applying the technology of cultivating crops without
tillage (no till), the optimal energy supply of agricultural
production is in the range from 2.4 to 2.8 hp/ha. With the
transition of farmers to technologies of minimal tillage
and intensive technologies, the value of the necessary
optimal energy supply of production will increase due to
the need for several technological operations
simultaneously. Unfortunately, the energy supply of
agricultural production in the Republic of Tatarstan
today is in the region of 1.40 hp/ha, which indicates the
lack of energy supply of the republic in the field of
agricultural production and the potential for labor
productivity increase.
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